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EFFECTS OF RESET STATORS AND A ROTATING, GROOVED STATOR
HUB ON PERFORMANCE OF A 1.92-PRESSURE-RATIO
COMPRESSOR STAGE
by George W. Lewis, Donald C. Urasek, and Lonnle Reid
Lewis Research Center
SUMMARY
The overall and blade-element performance of a highly loaded transonic fan stage
with two different stator modifications is compared with that for the original configura-
tion. Tests were conducted with stators reset 2° open, and the reset stators were also
run with a rotating, circumferentially grooved stator hub. Detailed radial and circum-
ferential surveys of the flow conditions were made over the stable operating range at
rotative speeds of 70, 90, and 100 percent of design speed. The performance of the
stage with the reset stators indicated a small increase in stage efficiency, pressure
ratio, and maximum weight flow at each speed. Performance with reset stators and
rotating, grooved stator hub resulted in an additional increase in stage efficiency and
pressure ratio. Failure of the stator blades precluded a complete run at 100 percent
speed. The rotating, grooved stator hub reduced losses in the stator hub region.
INTRODUCTION
A research program on high-pressure-ratio axial-flow fan stages for advanced air-
breathing engines is being conducted at Lewis. As part of this program a single-stage
fan (stage 18-13) designed for a stage pressure ratio of 2.0 at a tip speed of 422 meters
per second was tested (ref. 1). A comparison of overall performance for rotor and
stage indicated a mismatch between rotor and stator. At the maximum flow for 70, 90,
and 100 percent of design speed, the rotor efficiency was at its peak value, and stage
efficiency was below its peak value. From the stator blade-element data, it was ap-
parent that high losses in the stator hub region were responsible for the decay in stage
performance.
An attempt was made to reduce the stator hub losses and thus improve stage per-
formance by (1) resetting the stators 2° open and (2) using a rotating, grooved hub with
the reset stators. These two modifications will be called mod 1 and mod 2, respec-
tively, in this report.
This report presents the overall and blade-element data for both modified config-
urations. The overall rotor and stage performances for the modified configurations are
compared with the original stage of reference 1 (stage 18-13). Stator radial distribu-
tions of performance parameters, blade-element performance, and circumferential dis-
tribution of stator total-pressure ratio are also compared for all three configurations.
Data were obtained over the stable operating range for 70, 90, and 100 percent of design
speed. Data were also obtained at near stall for 50, 60, and 80 percent of design speed.
The symbols and equations are given in appendixes A and B; the abbreviations and units
used for the tabular data are presented in appendix C.
APPARATUS AND PROCEDURE
Compressor Test Facility
The compressor stage was tested in the Lewis single-stage compressor facility
which is described in detail in reference 2. A schematic diagram of the facility is
shown in figure 1. Atmospheric air enters the test facility at an inlet located on the roof
of the building and flows through the flow measuring orifice into the plenum chamber up-
stream of the test stage. The air then passes through the experimental compressor
stage into the collector and is exhausted to the atmosphere.
Test Stage
The design of the original rotor and stator used in this investigation is discussed in
reference 1. The overall design parameters for stage 18 - 13 are listed in table I, and
the flow path is shown in figure 2. The blade-element design parameters for rotor 18
and stator 13 are given in tables II and III. The blade geometry for the original configu-
ration is given in table IV for rotor 18 and in table V for stator 13. Photographs of the
rotor and stator are presented in figure 3. In mod 1 the stator blades were reset 2°
open; in mod 2 the stationary stator hub liner was replaced with a rotating, circumfer-
entially grooved stator hub (fig. 4). The grooves were located under the stator blades
and were approximately 0. 25 centimeter deep and 0.25 centimeter wide. The lands be-
tween the grooves were 0. 76 centimeter wide. The circumferentially grooved hub reset
stator configuration is designated as mod 2.
Instrumentation
The compressor weight flow was determined from measurements on a calibrated
thin-plate orifice. The orifice temperature used was determined from an average of
two Chromel-Alumel thermocouples. Orifice pressures were measured by calibrated
transducers.
Radial surveys of the flow -were made upstream of the rotor, between the rotor and
stator, and downstream of the stator. Photographs of the survey probes are shown in
figure 5. Total pressure, total temperature, and flow angle were measured with the
combination probe (fig. 5(a)), and the static pressure was measured with an 8° C-shaped
wedge probe (fig. 5(b)). Each probe was positioned with a null-balancing, stream-
directional sensitive control system that automatically alined the probe to the direction
of flow. The thermocouple material was iron-constantan. The probes were calibrated
in an air tunnel. A combination probe and a wedge static probe were used at each of
the three measuring stations.
Inner and outer wall static-pressure taps were located at the same stations as the
survey probes. The circumferential locations of both types of survey probes along with
inner and outer wall static pressure taps are shown in figure 6. The combination probes
downstream of the stator (station 3) were circumferentially traversed one stator blade
passage (5.8°) counterclockwise from the nominal values shown.
An electronic speed counter, in conjunction with a magnetic pickup, was used to
measure rotative speed (rpm).
The estimated errors in the data, based on the inherent accuracies of the instru-
mentation and recording system, are as follows:
Weight flow, kg/sec ±0.3
Rotative speed, rpm ±30
Flow angle, deg ±1
Temperature, K ±0.6
p
Rotor-inlet total pressure, N/cm ±0. 01
O
Rotor-outlet total pressure, N/cm ±0.102
Stator-outlet total pressure, N/cm ±0.102
Rotor-inlet static pressure, N/cm ±0. 042
Rotor-outlet static pressure, N/cm ±0.072
Stator-outlet static pressure, N/cm ±0. 07
Test Procedure
The stage survey data were taken over a range of weight flows from maximum to
the near-stall conditions. At 70, 90, and 100 percent of design speed, radial surveys
were taken at several weight flows. At 50, 60, and 80 percent of design speed, radial
surveys were taken for the near-stall weight flow only. Data were recorded at 11 radial
positions for each speed and weight flow.
At each radial position the combination probe behind the stator was circumferen-
tially traversed to nine different locations across the stator gap. The wedge probe was
set at midgap because previous studies showed that the static pressure across the stator
gap was constant. Values of pressure, temperature, and flow angle were recorded at
each circumferential position. At the last circumferential position values of pressure,
temperature, and flow angle were also recorded at stations 1 and 2. All probes were
than traversed to the next radial position, and the circumferential traverse procedure
repeated.
Calculation Procedure
Because of the physical construction of the C-shaped static-pressure wedges, it
was not possible to obtain static-pressure measurements at 5-, 10-, and 95-percent
span. The static pressure at 95-percent span was obtained by assuming a linear varia-
tion in static pressure between the values at the inner wall and the probe measurement
at 90-percent span. A similar variation was assumed between the static-pressure
measurements at the outer wall and the 30-percent span to obtain the static pressure at
5- and 10-percent span.
At each radial position averaged values of the nine circumferential measurements
of pressure, temperature, and flow angle downstream of the stator (station 3) were ob-
tained. The nine values of total temperature were mass averaged to obtain the stator-
outlet total temperature presented. The nine values of total pressure were energy
averaged. The measured values of pressure, temperature, and flow angle were used
to calculate axial and tangential velocities at each circumferential position. The flow
angles presented for each radial position are calculated based on the mass-averaged
axial and tangential velocities. To obtain the overall performance, the radial values of
total temperature were mass averaged and the values of total pressure were energy
averaged. At each measuring station, the integrated weight flow was computed based
on the radial survey data. The data, measured at the three measuring stations, have
been translated to the blade leading and trailing edges by the method presented in ref-
erence 3. Orifice weight flow, total pressures, static pressures, and temperatures
were all corrected to sea-level conditions based on the rotor-inlet conditions.
RESULTS AND DISCUSSION
The results of this investigation are presented in the form of overall performance,
radial distribution of performance parameters, blade-element performance, and cir-
cumferential distributions of total-pressure ratio across one stator blade passage.
Comparisons of rotor and stage overall performance are made for all three config-
urations at 70 and 90 percent of design speed. Because of a stator failure, only the
maximum flow data point was obtained for the mod 2 configuration at design speed.
Comparisons of the rotor performance are made only on the basis of overall perform-
ance. The flow conditions in the rotor were not expected to be appreciably affected by
the modifications to the stator. Comparisons of stator radial distributions of perform-
ance parameters are made at stage peak efficiency conditions for 70 and 90 percent of
design speeds. Comparisons of stator blade-element performance are made for 5-,
70-, 90-, and 95-percent span locations at 70 and 90 percent of design speed. Stator
circumferential distributions of total-pressure ratio for the 70-, 90-, and 95-percent
span location are compared at stage peak efficiency conditions for 70 and 90 percent of
design speed.
Rotor and stator data for mods 1 and 2 are presented in tabular form in tables VI
to XI. For the mod 1 configuration, overall performance is presented in table VI, rotor
and stator blade-element data are presented in tables VII and vni. For the mod 2 con-
figuration, overall performance is presented in table EX, rotor and stator blade-element
data are presented in tables X and XI. Tabular data for the baseline configuration is
presented in reference 1.
OVERALL PERFORMANCE
The overall rotor and stage performances are presented in figures 7 and 8 for all
three configurations. Overall performance is presented only for near-stall conditions
at 50, 60, and 80 percent of design speed. For the 70 and 90 percent of design speeds,
data are presented for a range of weight flows from choke to stall. For design speed,
data are presented over a range of weight flows from choke to stall for the baseline
configuration and mod 1; but for mod 2 only the maximum weight flow data point is
presented.
For all speeds the rotor overall performance (fig. 7) is essentially the same for
all configurations. The maximum weight flows for mods 1 and 2 are larger than the
maximum weight flow of the baseline configuration. For 70 and 90 percent of design
speed the rotor efficiency is increasing with weight flows, and the overall stage per-
formance (fig. 8) for the modified configurations shows a greater efficiency than the
baseline configuration. At 70 percent of design speed mod 1 shows about a 2-point im-
provement and mod 2 a 5-point improvement in stage efficiency over the baseline con-
figuration. For both mods 1 and 2 stage peak efficiency occurs at a higher weight flow
than for the baseline configuration. At 90 percent of design speed mod 1 shows no im-
provement but mod 2 shows about a 3-point improvement in stage efficiency compared
with the baseline configuration. At design speed mod 1 shows no improvement in stage
efficiency.
RADIAL DISTRIBUTION OF STATOR PERFORMANCE PARAMETERS
Radial distributions of stator loss coefficient, loss parameters, suction-surface
incidence angles, deviation angles, meridional velocity ratios, and diffusion factors are
shown in figures 9 and 10 for the 70 and 90 percent of design speeds for all configura-
tions. The radial distributions are presented for the stage peak efficiency weight flow
of each configuration. The basic trends in radial distributions are the same at both
speeds. From 5 to 60 percent span the loss coefficients and diffusion factors are es-
sentially the same for all three configurations. At 70-percent span the loss coefficients
and diffusion factors for the mods 1 and 2 differ slightly from the baseline configuration.
At 90- and 95-percent span the loss coefficients for mod 1 and the baseline configura-
tions are essentially the same, but the loss coefficient is considerably lower for mod 2.
This indicates that in the stator hub region (90- and 95-percent span) the reset of the
stators 2° open (mod 1) did not lessen the high losses and that the rotating grooved hub
(mod 2) did reduce the losses substantially. Apparently the high losses in the hub region
of the baseline configuration were due primarily to separated flow in the region rather
than choke.
The radial distribution of deviation angle for mods 1 and 2 differ by 4° to 7° from
the values for the baseline configuration (ref. 1). A reexamination of the raw data for
the baseline configuration (ref. 1) showed that the combination probe, used to measure
flow angle at the stator exit, gave angle measurements that were 5° higher than those
obtained from the static wedge probes. Had the angles from the wedge probe been used
in the calculation of the stator deviation angles, the stator deviation angles for the base-
line configuration would have been approximately the same as those for the modified
configurations. These flow angle irregularities did not appreciably affect pressure and
low measurements.
STATOR BLADE-ELEMENT PERFORMANCE
Plots of stator diffusion factor, loss coefficient and meridional velocity ratio as
functions of suction-surface incidence angle are presented in figures 11 and 12 for 70
and 90 percents of design speed. Blade-element plots are presented for 5-, 70-, 90-,
and 95-percent span locations. For both the 70 and 90 percent of design speeds, the
largest difference in blade-element performance for the three configurations occurred
at the 90- and 95-percent span locations. At these locations the levels of loss coeffi-
cient for the baseline configuration and mod 1 (reset stators) are about the same, and
mod 2 (reset stators-rotating grooved hub) shows substantially lower losses over the
complete range of incidence angles. At 90 percent of design speed, for both the 90-
and 95-percent span locations, the mod 2 configuration operates at incidence angles that
are about 4° lower than the mod 1 configuration. This is due primarily to an increase
in flow in this region due to lower loss levels.
Modification 2 (reset stator-rotating grooved hub) was very effective in reducing the
losses at the 90- and 95-percent span locations for both 70 and 90 percent of design
speeds, whereas mod 1 (reset stators only) shows little or no improvement in the level
of losses over the baseline configuration.
At 70 percent design speed, at both 90- and 95-percent spans (fig. ll(c) and (d))
the high level of losses at the lower incidence angles indicates choking in the stators
for both the baseline and mod 1 configurations. However, the stators for the mod 2
configuration are probably not choked at the 90-percent span location but are very near
the choke condition at the 95-percent span location. At 90 percent of design speed
(fig. 12), at the lower incidence angles, the stators are choked at both the 90 and
95 percent span locations for all three configurations.
STATOR-EXIT CIRCUMFERENTIAL DISTRIBUTION OF TOTAL PRESSURE RATIO
Circumferential distributions of stator total-pressure ratio are presented in fig-
ures 13 and 14 for 70 and 90 percent design speed for all three configurations. These
distributions are presented for 70-, 90-, and 95 percent span location for stage peak
efficiency conditions. Stator total-pressure ratios are based on stator-exit gapwise
distribution of total pressure and rotor-exit total pressure for a given percent span.
The rotor and stator-exit radius for a given percent span is based on design stream-
lines.
For a given radial location, the general trends in stator-exit circumferential dis-
tributions of total pressure are similar for both the 70 and 90 percent of design speeds.
For the 70-percent span location (figs. 13(a) and 14(a)) the total-pressure wakes out of
the stators are well defined and are about the same for all three configurations, At
90- and 95-percent spans (figs. 13(b) and (c) and 14(b) and (c)) the peak pressure ratio
for both the baseline configuration arid mod 1 occurs at the same circumferential loca-
tion as the stator trailing edge. The lack of a well-defined wake is indicative of a flow
separation on the blade suction surface and a radial shift of flow through the stators.
For 90- and 95-percent span mod 1 shows little improvement over the baseline config-
uration, but mod 2 shows a well-defined total-pressure wake at both the 90- and 95-
percent span location. Also at these locations mod 2 shows a definite improvement in
stator performance over the baseline configuration and mod 1.
CONCLUDING REMARKS
The stage used in this investigation (stage 18-13) has a rotor designed for a pres-
sure ratio of 2. 0 (constant from hub to tip) at a tip speed of 422 meters per second.
Since this tip speed is relatively low for this pressure ratio level, large blade camber
is required in the region of high supersonic inlet relative Mach numbers. These high
Mach numbers result in strong shocks and high losses in the rotor blade row. The con-
stant rotor-exit pressure ratio requires large tangential velocities out of the rotor hub
and thus produces a high stator hub inlet Mach number (0.96) and high loading (diffusion
factor = 0.66). To facilitate measurements between rotor and stator blade rows, the
stator blade row was located approximately 3.0 centimeters downstream of the rotor
trailing edge. This additional axial spacing allows a thicker hub wall boundary layer to
develop, thus creating a more severe stator hub inlet condition.
For mod 1 and the baseline configuration the hub boundary layer at the stator inlet
is thick because of the diffusion of the axial and tangential components of velocity. For
mod 2 (reset stator rotating grooved hub), the rotating hub extended from the rotor hub
trailing edge to the stator trailing edge. This configuration would have a thinner bound-
ary layer at the stator inlet because the rotating hub prevents the diffusion of the tan-
gential component of velocity. Also, rotation of the hub under the stator vanes tends to
energize the flow in the blade boundary-layer region at the stator hub. Part of the im-
provement in stator hub losses for mod 2 can be attributed to a thinner hub wall bound-
ary layer entering the stators. The rotating hub under the stators is also beneficial
because it energizes the flow and probably retards flow separation on the blade surface
in the vicinity of the stator hub.
SUMMARY OF RESULTS
The overall and blade-element performances of a highly loaded transonic fan stage
with two stator modifications are compared with those for the original configuration
(baseline). The stators were first reset 2° open (mod 1) and then the reset stators
were tested with a rotating circumferentially grooved hub (mod 2). Detailed radial
surveys of the flow conditions in front of the rotor, between the rotor and stator, and
behind the stator were made over the stage stable operating flow range at 70, 90, and
100 percent of design speed. This investigation yielded the following results:
1. Resetting the stator 2° open resulted in an increase in maximum flow at the 70,
90, and 100 percent speeds and a slight improvement in stage peak efficiency at 70 and
90 percent of design speeds.
2. The rotating grooved stator hub configuration showed a substantial improvement
in stage efficiency at 70 and 90 percent of design speed.
3. The rotating grooved stator hub configuration was very effective in reducing
losses at the 90- and 95-percent span locations for both 70 and 90 percent of design
speed. However, mod 1 shows very little or no improvement in the level of losses over
the baseline configuration.
4. Stator circumferential distribution of total pressure ratio at the 90- and 95-
percent span locations indicates a flow separation on the blade suction surface for both
mod 1 and baseline configuration.
Lewis Research Center, .
National Aeronautics and Space Administration,





A0 annuhis area at rotor leading edge, man
o
Af frontal area at rotor leading edge, m
C specific heat at constant pressure, 1004 J/(kg)(K)
D diffusion factor
imr, mean incidence angle, angle between inlet air direction and line tangent to bladeLil\f
mean camber line at leading edge, deg
i00 suction-surf ace incidence angle, angle between inlet air direction and line tangentSo
to blade suction at leading edge, deg
N rotative speed, rpm
o
P total pressure, N/cm
2
p static pressure, N/cm
r radius, cm
SM stall margin
T total temperature, K
U wheel speed, m/sec
V air velocity, m/sec
W weight flow, kg/sec
Z axial distance referenced from rotor blade hub leading edge, cm
a cone angle, deg
\s
a slope of streamline, degs
/3 air angle, angle between air velocity and axial direction, deg
£' relative meridional air angle based on cone angle arctan (tan /3' cos a_/cos a_),
\s ill L> o
deg
y ratio of specific heats (1.40)
n
6 ratio of rotor-inlet total pressure to standard pressure of 10.13 N/cm
6° deviation angle, angle between exit air direction and tangent to blade mean camber
line at trailing edge, deg
10
T? efficiency
6 ratio of rotor-inlet total temperature to standard temperature (288. 2 K)
K angle between blade mean camber line and meridional plane, deg
Koo angle betwee blade suction-surface camber line at leading edge and meridionalss
plane, deg
a solidity, ratio of chord to spacing
"to total loss coefficient
uL profile loss coefficient
uL shock loss coefficient
o
Subscripts:
ad adiabatic (temperature rise)
id ideal












Suction-surf ace incidence angle
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DEFINITIONS AND UNITS USED IN TABLES
absolute
aerodynamic chord, cm
meridional air angle, deg
angle between axial direction and conical surface representing blade
element, deg
difference between mean camber blade angle and suction-surf ace
blade angle at leading edge, deg
deviation angle (eq. (B3)), deg
diffusion factor (eq. (B4))
adiabatic efficiency (eq. (B9))
inlet (leading edge of blade)
incidence angle (suction surface, .defined by eq. (Bl) and mean de-
fined by eq. (B2))5 deg
angle between blade mean camber line at leading edge and meridio-
nal plane, deg
angle between blade mean camber line at trailing edge and meridio-
nal plane, deg
angle between blade mean camber line at transition point and merid-
ional plane, deg .
loss coefficient (total defined by eq. (B5) and profile defined by
eq. (B6)) . ,




outlet (trailing edge of blade)
percent of blade span from tip at rotor outlet

































inlet radius (leading edge of blade), cm
outlet radius (trailing edge of blade), cm
radial position
equivalent rotative speed, rpm
angle between aerodynamic chord and meridional plane, deg
ratio of aerodynamic chord to blade spacing
speed, m/sec
suction surface
slope of streamline, deg
tangential
temperature, K
thickness of blade at leading edge, cm
thickness of blade at maximum thickness, cm
thickness of blade at trailing edge, cm
total
difference between inlet and outlet blade mean camber lines,
deg
velocity, m/sec
equivalent weight flow, kg/sec
ratio of suction-surface camber ahead of assumed shock loca-
tion of multiple-circular-arc blade section to that of a double-
circular-arc blade section
axial distance to blade leading edge from inlet, cm
axial distance to blade maximum thickness point from inlet, cm
axial distance to blade trailing edge from inlet, cm
axial distance to transition point from inlet, cm
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TABLE I. - DESIGN OVERALL PARAMETERS
FOR STAGE 18-13
ROTOR TOTAL PRESSURE RATIO 2.000
STAGE TOTAL PRESSURE RATIO 1.925
ROTOR TOTAL TEMPERATURE RATIO. 1.2*1
STAGE TOTAL TEMPERATURE RATIO 1.2*1
ROTOR AOIABATIC EFFICIENCY 0.907
STAGE ADHBA11C ETTlUENCf 0.852
ROTOR POLYTROP1C EFFICIENCY 0.915
STAGE POLYTROPIC EFFICIENCY 0.865
ROTOR HEAD RISE COEFFICIENT 0.35S
STAGE HEAD RISE COEFFICIENT 0.335
FLOW COEFFICIENT 0.477
HT FLOW PER UNIT FRONTAL AREA 149.93S





TABLE n. - DESIGN BLADE-ELEMENT PARAMETERS FOR ROTOR 18




































































































































































































































































































































































































































































































































































































































































TABLE m. - DESIGN BLADE-ELEMENT PARAMETERS FOR STATOR 13
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TABLE VI. - OVERALL PERFORMANCE FOR STAGE 18-13 MOD 1
(a) 60 Percent of design speed (b) 70 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
HT FLOW PER UNIT FRONTAL AREA
HT aOH PER UNIT ANNULUS AREA
HT aOH AT ORIFICE
HT aOH AT ROTOR INLET
HT FLOW AT ROTOR OUTLET
HT FLOH AT STATOR OUTLET
ROTATIVE SPEED





















(c) 80 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
aOH COEFFICIENT
HT aOH PER UNIT FRONTAL AREA
HT aOH PER UNIT ANNULUS AREA
HT aOH AT ORIFICE
HT aOH AT ROTOR INLET
HT aOH AT ROTOR OUTLET
HT aOH AT STATOR OUTLET
ROTATIVE SPEED






















ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
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(e) 90 Percent of design speed (f) 100 Percent of design speed
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Figure 3. - Test stage.
(b) Stator 13.
C-71-4045
Figure 4. - Rotating circumferential grooved stator hub











(a) Combination total pressure, total temperature, and flow
angle probe.
Figure 5. - Survey probes.
C-68-1230
(b) Static pressure probe; 8° C-shaped wedge.
Wall static pressure tap
Combination probe
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Figure 8. - Effect of stator modifications on compressor
stage performance.
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Figure 11. - Comparisons of stator blade-element performance at four radia! stations and at
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Figure 12. - Comparisons of stator blade-element performance at four radial















la) 70 Percent radial span.
Percent blade gap
(b) 90 Percent radial span. (c)\95 Percent radial span.
Figure 13. - Stator blade circumferential total-pressure-ratio distribution for peak efficiency at













(a) 70 Percent radial span.
Percent blade gap
(b) 90 Percent radial span. (c) 95 Percent radial span.
Figure 14. - Stator blade circumferential total-pressure-ratio distribution for peak efficiency at
90 percent of design speed.
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